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Closely related octopus species show different spatial genetic 
structures in response to the Antarctic seascape


























































affect	 population	 connectivity,	 such	 as	 deep	water	 (Baums,	 Boulay,	
Plato,	&	Hellberg,	2012;	Knutsen,	Jorde,	Bergstad,	&	Skogen,	2012),	
currents,	 fronts,	 and	 gyres	 (Galarza	 et	al.,	 2009;	 Galindo,	 Olson,	 &	
Palumbi,	2006;	Young	et	al.,	2015).	In	addition,	dispersal	may	be	con-
strained	 by	 intrinsic	 factors;	 for	 example,	 physiological	 constraints	
will	 dictate	 the	ability	 to	 traverse	gradients	 in	 temperature	or	 salin-
ity	 (Johannesson	 &	André,	 2006;	 Sotka,	Wares,	 Barth,	 Grosberg,	 &	
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Palumbi,	 2004),	 while	 the	 distribution	 of	 suitable	 habitat	 or	 prey	






Holderegger,	 2012),	 often	 in	multiple	 species	 (e.g.,	Hayes	&	 Sewlal,	
2004;	Von	Oheimb	et	al.,	2013).
Using	 dispersal	 models	 is	 an	 apparently	 convenient	 method	 to	
identify	 potential	 barriers	 in	 the	 marine	 environment.	 Indeed,	 sev-
eral	 studies	 on	 marine	 species	 have	 found	 reasonable	 congruence	
to	 the	 level	 of	 connectivity	 among	 populations	 inferred	 by	 oceano-






and	 interannual	 oceanographic	variation	 and	 inadequate	 knowledge	







mining	which	 features	affect	several	 species	and	which	 features	are	
species-	specific	are	central	in	understanding	the	processes	that	shape	
the	 rate	of	 adaptation	 and	 speciation.	 For	 example,	 species-	specific	
barriers	would	be	suggestive	of	intrinsic	responses	to	the	landscape,	
while	 concordant	 breaks	 in	 spatial	 genetic	 structure	 across	multiple	
taxa	point	toward	a	general	lack	of	genetic	exchange.	Identifying	these	




particularly	poorly	studied	 in	 terms	of	 the	potential	dispersal	 routes	
and	barriers	to	benthic	marine	species.	Most	studies	in	the	Southern	




sub-	Antarctic	 (e.g.,	 Hunter	 &	 Halanych,	 2008;	 Thornhill,	 Mahon,	
Norenburg,	&	Halanych,	 2008;	Wilson,	 Schrödl,	&	Halanych,	 2009).	
A	lack	of	understanding	about	spatial	genetic	structure	at	finer	scales	
limits	the	extent	to	which	we	could,	for	example,	designate	effective	







with	 different	 regions	 being	 influenced	 by	 the	 Pacific,	Atlantic,	 and	
Southern	Oceans,	 the	 ocean	 depths	 are	variable	 (in	 excess	 of	 4	km	
in	places),	and	the	Arc	comprises	several	island	groups	of	both	conti-
nental	and	volcanic	origin.	In	addition,	the	Scotia	Sea	has	experienced	













Hoffman,	 Peck,	 Linse,	 &	 Clarke,	 2011;	 Hunter	 &	 Halanych,	 2008;	
Krabbe,	Leese,	Mayer,	Tollrian,	&	Held,	2010;	Strugnell,	Watts,	Smith,	
&	Allcock,	2012;	Wilson,	Hunter,	Lockhart,	&	Halanych,	2007).	Also,	




to	 limit	 adult	 and	 larval	 movement,	 respectively	 (Hoffman,	 Clarke,	
Clarke,	Fretwell,	&	Peck,	2011;	Hoffman,	Clarke,	Linse,	&	Peck,	2011;	
Hoffman,	Peck,	et	al.,	2011).	In	addition,	passive	dispersal	during	the	
early	 life	 history	 stages	 can	 shape	 population	 genetic	 structure	 in	










they	 are	benthic	 taxa	 that	possess	 large	eggs,	which	 likely	hatch	 as	
benthic	young.	 It	 is	well	accepted	that	octopuses	with	eggs	above	a	












     |  8089STRUGNELL ET aL.
northern	Antarctic	Peninsula	and	the	South	Shetland	Islands	(Allcock,	
2005)	 in	waters	 <286	m	 in	 depth;	 this	 species	 apparently	 has	 a	 re-
stricted	range	as	it	is	unknown	from	the	waters	to	the	east	of	Elephant	
Island	 including	 South	 Georgia,	 Shag	 Rocks,	 and	 the	 South	Orkney	
Islands.
The	aim	of	 this	 study	was	 to	 identify	whether	different	octopus	
species,	with	putative	similar	life	histories,	share	comparable	levels	of	
genetic	diversity	and	spatial	genetic	structure	across	the	Scotia	Arc.
2  | MATERIALS AND METHODS
2.1 | Specimen collection
Samples	were	collected	from	the	Scotia	Arc	using	benthic	trawls	(Agassiz	
and	 otter	 trawls)	 between	 62	 and	 666	m	 depth	 between	 1987	 and	
2009. Adelieledone polymorpha	was	collected	 from	the	South	Shetland	




George	Island	[n =	11],	Livingston	Island	[n =	35]),	Elephant	Island	(n =	93),	
Signy	Island	(n =	9),	South	Georgia	(n =	182),	Shag	Rocks	(n =	125),	and	
the	South	Sandwich	Islands	(n =	1)	(Figure	1,	Table	1).	The	mean	depth	
from	 which	 P. charcoti	 was	 collected	 at	 Elephant	 Island	 (111	m)	 was	
shallower	 than	 that	 for	A. polymorpha	 (287	m)	 and	 P. turqueti	 (227	m)	
(Table	1).	Similarly,	P. charcoti	was	collected	from	shallower	mean	depths	
at	 the	 Peninsula	 (117	m)	 than	A. polymorpha	 (294	m)	 while	 P. turqueti 









Samples	were	 genotyped	 at	 ten	of	 the	microsatellite	 loci	 described	
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2.3 | Data analyses
MICROCHECKER	 v.2.2.3	 (Van	 Oosterhout,	 Hutchinson,	 Wills,	
&	Shipley,	2003)	was	used	 to	check	data	 for	 the	presence	of	null	
alleles,	 the	 frequencies	 of	 which	 were	 estimated	 using	 FREENA	
(Chapuis	&	Estoup,	2007).	Where	significant	frequencies	of	null	al-
leles	 were	 detected,	 false	 homozygote	 frequencies	 were	 used	 to	
adjust	 the	 number	 of	 null	 alleles	 per	 sample	 (Sun,	 Lian,	 Navajas,	
&	 Hong,	 2012).	 GENEPOP	 v.4.1.3	 (Raymond	 &	 Rousset,	 1995;	
Rousset,	 2008)	 and	 FSTAT	 v.2.9.3	 (Goudet,	 2001)	 were	 used	 to	
provide	 descriptive	 statistics:	 departures	 from	 expected	 Hardy–
Weinberg	 Equilibrium	 (HWE)	 conditions,	 extent	 of	 linkage	 dis-
equilibrium	 (LD)	 between	 loci,	 numbers	 of	 private	 alleles,	 allelic	
richness	 (AR),	 observed	 (Ho)	 and	expected	heterozygosity	 (He)	 and	
the	amount	of	genetic	differentiation	 (Wright’s	 [1951]	FST)	among	
pairs	of	large	(n	> 10)	samples.	The	significance	of	estimates	of	pair-
wise	 FST	 from	 zero	 was	 assessed	 through	 2,000	 permutations	 of	
genotypes	between	populations.	Significance	of	multiple	tests	was	
adjusted	 (α=0.05)	 using	 a	 sequential	 Bonferroni	 correction	 (Rice,	





genetic	 differences)	 among	 samples	 of	 P. turqueti	 using	 BARRIER	




culated	 using	 the	 writeBoot	 function	 in	 the	 R-	package	 DiveRsity	
(Keenan,	McGinnity,	Cross,	Crozier,	&	Prodöhl,	2013).
Spatial	 genetic	 structure	 was	 quantified	 using	 the	 Bayesian	
model-	based	 clustering	 approach	 implemented	 in	 STRUCTURE	
v.2.3.4	 (Pritchard,	Stephens,	&	Donnelly,	2000)	 that	 simultaneously	
identifies	populations	 (clusters)	and	assigns	 individual	genotypes	 to	
these	 model	 populations.	 Five	 independent	 runs	 of	 STRUCTURE	
were	completed	for	each	species,	with	a	burn-	in	of	20,000	that	was	
followed	 by	 200,000	 Monte	 Carlo	 Markov	 chain	 replicates	 and	 a	
search	for	the	number	of	clusters	(K)	between	1	and	15;	the	admix-
ture	model	and	correlated	allele	frequencies	were	used.	STRUCTURE	
HARVESTER	v.0.6.92	 (Earl	&	von	Holdt,	 2012)	was	 used	 to	 deter-
mine	the	most	pronounced	level	of	population	subdivision	using	the	
method	 of	 Evanno,	 Regnaut,	 and	 Goudet	 (2005).	 CLUMPP	 v.1.1.2	
(Jakobsson	&	 Rosenberg,	 2007)	was	 used	 to	 summarize	 data	 from	
replicate	STRUCTURE	runs,	and	DISTRUCT	v.1.1	(Rosenberg,	2004)	
was	used	to	display	results.
To	 assess	 possible	 source-	sink	 population	 structure,	 we	 esti-
mated	 the	 directional	 relative	migration	 between	 sample	 locations	
(Sundqvist,	 Zackrisson,	 &	 Kleinhans,	 2013).	 Briefly,	 the	 genetic	
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estimates	of	genetic	differentiation.	This	procedure	 is	 repeated	 for	
all	 pairs	 of	 samples,	 and	 the	 concomitant	 directional	 measures	 of	
genetic	differentiation	are	used	to	calculate	the	directional	 relative	
migration	among	all	sample	pairs	(Sundqvist	et	al.,	2013).	Directional	





We	 used	 GESTE	 v.2.0	 (Foll	 &	 Gaggiotti,	 2006)	 to	 determine	
whether	 environment	 variation	 explains	 spatial	 genetic	 structure	





CTD	 data).	 Ten	 pilot	 runs	were	 used	 (length	=	5,000)	 to	 determine	








Just	 six	 (of	54	 tests	over	all	 samples)	pairs	of	 loci	 for	P. charcoti,	








Genetic	 diversity	 differed	 among	 species	 and	 among	 loca-
tions.	 Thus,	 expected	 heterozygosities	 (He)	 were	 lowest	 for	 P. char-
coti	 (He	<	0.40	 at	 both	 locations),	 intermediate	 for	 A. polymorpha 
(He	=	0.54–0.58	and	highest	for	P. turqueti	 (He	>	0.69	at	all	 locations)	
(Table	2).	 Expected	 heterozygosities	 were	 lower	 in	 the	 Islands	 of	
South	Georgia	 than	other	 locations	 for	Adelieledone polymorpha	 and	
P. turqueti.	 The	 Antarctic	 Peninsula	 region	 and	 Elephant	 Island	 had	
the	highest	He	for	P. charcoti	and	P. turqueti,	respectively,	and	both	of	
these	 locations	 had	 high	 expected	 heterozygosities	 for	 A. polymor-
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3.2 | Spatial structure
STRUCTURE	 analyses	 identified	 K = 6	 for	 A. polymorpha,	 K = 3	 for	
P. charcoti	and	K = 7	for	P. turqueti	 (Figure	2),	with	the	level	of	asso-





Table	3). Pareledone turqueti	 also	 exhibited	 substantial	 spatial	 struc-
ture	between	Shag	Rocks	and	all	other	localities	(Figure	2,	Table	3)	but	
neither	A. polymorpha	 and	P. charcoti	 inhabit	 the	waters	 surrounding	
Shag	Rocks.	Greatest	genetic	differentiation	 (FST = 0.052)	 for	A. poly-
morpha	 occurred	 between	 South	 Georgia	 and	 the	 Peninsula,	 whilst	
comparable	values	of	FST	occurred	between	South	Georgia	and	Signy	
Island	 (FST = 0.065)	and	South	Georgia	and	Shag	Rocks	for	P. turqueti 




ters	 (Q),	were	evident	between	South	Georgia	 (Q2 = 0.11,	Q3 = 0.14,	
Q6 = 0.31)	and	all	other	locations	(Elephant	Island	Q2 = 0.23,	Q3 = 0.20,	
Q6 = 0.10;	Peninsula	Q2 = 0.22,	Q3 = 0.20,	Q6 = 0.09)	for	three	of	the	
clusters	 (Table	 S13).	 Likewise,	 STRUCTURE	 estimated	 samples	 of	
P. turqueti	from	both	(1)	Shag	Rocks	(Q5 = 0.76)	and	(2)	South	Georgia	




At	a	 regional	 scale,	 there	were	notable	differences	 in	 the	pattern	




put	 that	 revealed	no	distinct	clusters	of	P. charcoti	 individuals	associ-
ated	with	these	two	 locations	 (Figure	2);	 indeed,	for	P. charcoti,	every	
individual	 was	 estimated	 to	 possess	 a	 somewhat	 similar	 proportion	
of	each	of	the	three	model	clusters	(Table	S14).	STRUCTURE	analysis	
also	showed	no	distinct	grouping	of	A. polymorpha	individuals	between	
the	Peninsula	 region	 (Q1 = 0.15,	Q2 = 0.22,	Q3 = 0.20,	Q5 = 0.18)	 and	
Elephant	 Island	 (Q1 = 0.14,	Q2 = 0.23,	Q3 = 0.20,	Q5 = 0.19)	 (Figure	2)	
and	 the	 level	 of	 genetic	 differentiation	 between	 these	 localities	was	
low	 (FST = 0.006)	 but	 significantly	 different	 from	 0	 (Table	3).	 By	 con-








(Q2 = 0.18)	and	the	Peninsula	(Q2 = 0.14),	(4)	the	Peninsula	(Q3 = 0.56)	
F IGURE  2 STRUCTURE	assignment	of	individuals	across	all	populations	into	clusters	of	best	fit	at	(a)	K	=	6	(Adelieledone polymorpha),	
(b)	K	=	3	(Pareledone charcoti),	(c)	K	=	7	(Pareledone turqueti).	Colors	indicate	percentage	contribution	of	individuals	to	assigned	clusters	(y	axis),	
individuals	represented	by	each	line	(x	axis).	Black	lines	separate	populations	from	which	individuals	belong
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and	to	a	lesser	extent	Signy	(Q3 = 0.29)	and	(6)	Signy	(Q6 = 0.35)	and	to	a	
lesser	extent	the	Peninsula	(Q6 = 0.17)	and	Elephant	Island	(Q6 = 0.12).	
Regional	genetic	differences	among	P. turqueti	samples	were	identified	
using	BARRIER	(Manni	et	al.,	2004),	with	the	second	barrier	occurring	
















asymmetry	 in	 relative	migration	 rates	was	 detected	 for	 samples	 of	
A. polymorpha or P. charcoti	(Tables	S17	and	S18).
3.4 | Effect of landscape upon P. turqueti and 
A. polymorpha
GESTE	 analyses	 indicated	 a	 strong	 significant	 association	 between	
depth	and	genetic	differentiation	among	samples	of	P. turqueti.	When	
depth	was	 included	 as	 a	 single	 factor	 in	GESTE,	 a	 higher	 probabil-
ity	model	was	obtained	than	when	depth	was	excluded	(Table	5).	In	








interaction	 term.	 In	each	of	 these	 two	 factor	comparisons,	 the	 indi-
vidual	 factors	contributed	more	than	their	 interactions	 (Table	5).	For	
P. turqueti	depth	contributed	more	than	temperature,	latitude,	or	lon-
gitude.	By	contrast,	 temperature	and	 longitude	contributed	more	 to	
the	model	of	genetic	structure	in	A. polymorpha	than	did	depth	in	each	
of	these	two	factor	comparisons	(Table	5).
When	 latitude,	 longitude,	and	depth	were	 included	as	 factors	 in	
a	three-	factor	model	 the	highest	probability	model	 for	P. turqueti	 in-




included	for	P. turqueti,	but	for	A. polymorpha	 the	highest	probability	
four-	factor	model	 included	potential	 effects	of	 longitude	 and	depth	
with	longitude	contributing	more	than	depth	(Table	5).
STRUCTURE	 assignment	 of	P. turqueti	 individuals	 from	Elephant	
Island,	Signy	Island,	and	the	South	Shetland	Islands	ordered	by	latitude	










Antarctic	Peninsula – 0.0083 0.0083
Elephant	Island 0.0055 – 0.0033
South	Georgia 0.0523 0.0462 –
Pareledone turqueti
WAP – NS 0.0033 0.0033 0.0033 0.0033
EAP 0.0097 – NS NS 0.0033 0.0033
Elephant	Island 0.0307 0.0101 – 0.0033 0.0033 0.0033
Signy	Island 0.0514 0.0484 0.0552 – 0.0033 0.0033
South	Georgia 0.0517 0.0448 0.0346 0.0650 – 0.0033
Shag	Rocks 0.0748 0.0535 0.0579 0.0902 0.0597 –
Significance	after	Bonferroni	correction	above	diagonal.	FST	below	the	diagonal.
p	 values	obtained	after:	20,	120,	300	permutations	 (P. charcoti,	A. polymorpha,	 and	P. turqueti,	 respectively).	 Indicative	adjusted	nominal	 level	 (5%)	 for	
	multiple	comparisons	is	0.05,	0.008333.





Peninsula East of Peninsula Elephant Island Signy Island South Georgia Shag Rocks
Receiving	
population
West	of	Peninsula – 0.282 0.296 0.288 0.209 0.219
East	of	Peninsula 0.171 – 0.217 0.190 0.118 0.130
Elephant	Island 0.355 0.489 – 0.709 0.423 0.465
Signy	Island 0.108 0.106 0.118 – 0.106 0.164
South	Georgia 0.230 0.235 0.295 0.665 – 1.000
Shag	Rocks 0.179 0.156 0.209 0.422 0.702 –




Species factor(s) in model (G)
Highest probability model 
P(M) P(M) P(G1) P(G2) P(G1*G2) P(G3) P(G4)
P. turqueti
Latitude	(G1) Constant 0.502 0.498
Longitude	(G1) Constant 0.510 0.490
Temperature	(G1) Constant 0.510 0.490
Depth	(G1) Constant,	G1 1.000 1.000
Depth,	(G1)	Temp	(G2) Constant,	G1*G2,	G2,	G1 0.240 0.381 0.371 0.240
Latitude	(G1),	Longitude	
(G2)
Constant,	G1*G2,	G2,	G1 0.290 0.344 0.345 0.290
Latitude	(G1),	Depth	(G2) Constant,	G1*G2,	G2,	G1 0.230 0.377 0.387 0.230
Longitude	(G1),	Depth	(G2) Constant,	G1*G2,	G2,	G1 0.227 0.370 0.389 0.227
Latitude	(G1),	Longitude	
(G2),	Depth	(G3)




Constant 0.068 0.489 0.485 0.493 0.492
A. polymorpha
Latitude	(G1) Constant 0.508 0.492
Longitude	(G1) Constant,	G1 0.503 0.503
Temperature	(G1) Constant,	G1 0.503 0.503
Depth	(G1) Constant,	G1 0.504 0.504
Depth,	(G1)	Temp	(G2) Constant,	G1*G2,	G2,	G1 0.227 0.377 0.385 0.227
Latitude	(G1),	Longitude	
(G2)
Constant,	G1*G2,	G2,	G1 0.225 0.381 0.386 0.225
Latitude	(G1),	Depth	(G2) Constant,	G1*G2,	G2,	G1 0.224 0.380 0.383 0.224
Longitude	(G1),	Depth	(G2) Constant,	G1*G2,	G2,	G1 0.231 0.386 0.380 0.231
Latitude	(G1),	Longitude	
(G2),	Depth	(G3)
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4  | DISCUSSION
The	present	 study	 shows	 that	 closely	 related	octopod	 species	with	
similar	 life	 history	 characteristics	 display	 a	 generally	 similar	 pattern	
of	genetic	differentiation	at	 large	geographic	scales,	but	contrasting	







4.1 | Variation in regional genetic structure
The	 reason(s)	 for	 the	marked	differences	 in	 regional	 spatial	 genetic	
structure	 between	 species	 is	 not	 clear.	 Although	 our	 target	 octo-
pus	 species	 are	 closely	 related	 (Strugnell,	 Rogers,	 Prodöhl,	 Collins,	
&	 Allcock,	 2008),	 we	 know	 relatively	 little	 of	 their	 basic	 biology.	
Nonetheless,	 the	 large	size	 (>10	mm	diameter)	of	 their	mature	eggs	
(Allcock,	2005;	Allcock,	Hochberg,	Rodhouse,	&	Thorpe,	2003;	Allcock	
&	Piertney,	2002;	Barratt,	Johnson,	Collins,	&	Allcock,	2008)	suggests	
that	 they	 are	 all	 direct	 developers	 (Boletzky,	 1974).	 Populations	 of	
sedentary	or	sessile	marine	 invertebrates	with	nonpelagic	 larval	dis-
persal	typically	exhibit	more	genetic	differences	than	species	whose	
larvae	 have	 a	 long	 duration	 in	 the	 plankton	 (reviewed	 in	 Selkoe	 &	
Toonen,	 2011).	 Our	 study	 area	 contains	 numerous	 potential	 barri-






ing,	particularly	for	the	latter.	Both	P. turqueti	and	A. polymorpha have 
been	caught	from	similarly	deep	habitats	 (1,116	m	and	1,510	m,	re-
spectively)	 (Allcock,	 unpublished	data	 in	 Strugnell	 et	al.,	 2008)	 (also	
see	Table	1),	and	thus,	adult	A. polymorpha	might	be	capable	of	mov-






isolated	 populations	 can	 arise	when	 samples	 have	 not	 yet	 attained	





Elephant	 Island,	 and	 Signy	 Island	 region,	 but	weak	 genetic	 differ-
ences	 between	 the	 Peninsula	 and	 Elephant	 Island,	 indicates	 bar-
riers	 to	 gene	 flow	 consistent	with	 this	 species’	 sedentary	 lifestyle	
and	 benthic	 young.	 But	 given	 their	 similar	 (and	 deep)	 bathymetric	
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Therefore,	niche	divergence	driven	by	diet	may	play	a	 role	 in	driv-




contents	of	A. polymorpha	 (n =	3	samples)	were	unidentifiable,	with	
the	remainder	comprising	amphipods	(33%)	and	polychaetes	(17%),	
whilst	 P. turqueti	 (n =	12)	 stomach	 contents	 also	 contained	 a	 high	
proportion	 of	 unidentifiable	 items	 (44%),	 amphipods	 (24%),	 poly-














in	 this	 species	 as	 it	 does	 in	 other	 benthic	 Southern	Ocean	 species.	
Anchor	ice	may	also	dislodge	eggs	attached	to	a	benthic	substrate	that	
could	then	be	moved	by	currents.	Also,	it	is	possible	that	populations	
of	P. charcoti	 at	 Elephant	 Island	 and	South	 Shetland	 Islands	 are	 iso-
lated,	with	no	contemporary	dispersal,	but	 that	 this	 species	has	not	
reached	genetic	equilibrium.
Low	 genetic	 diversity	 implies	 a	 low	 population	 size.	 Indeed,	 the	
genetically	 least	diverse	species	P. charcoti	has	a	 limited	distribution,	
occurring	 around	 the	 South	 Shetland	 Islands	 and	 off	 Graham	 Land	






by	 at	most	 by	 five	 substitutions)	 are	 known	 for	P. charcoti,	 (Allcock	
et	al.,	 2011),	 compared	with	 some	 35	 COI	 haplotypes	 reported	 for	
P. turqueti	 (Strugnell	et	al.,	2012).	 In	addition,	P. charcoti	and	another	
closely	 related	 species,	 P. aequipapillae	Allcock,	 2005	 are	 estimated	
to	have	diverged	 relatively	 recently	 (~1	mya)	 (Strugnell	 et	al.,	 2008),	
whereas	P. turqueti	 is	 thought	 to	be	an	older	species,	 (the	 two	main	


















in	 other	 benthic	 invertebrates,	 including	 those	with	 a	 pelagic	 larval	
phase	 (e.g.,	 González-	Wevar	 et	al.,	 2013;	 Hoffman,	 Clarke,	 Clarke,	







this	 region	was	 recently	 demonstrated	 by	 Young	 et	al.	 (2015)	who	
found	that	differences	in	the	length	of	the	juvenile	planktonic	stage	

























4.3 | Population structuring by depth across 
Peninsula, Elephant Island, and Signy Island
An	 apparent	 effect	 of	 depth	 upon	 genetic	 structure	 of	 P. turqueti 
populations	from	the	Scotia	Arc	is	novel	for	Southern	Ocean	species.	
Previous	 attempts	 to	 quantify	 the	 effect	 of	 bathymetry	 on	 genetic	
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divergence	 in	Southern	Ocean	taxa	have	been	hampered	by	 limited	
sample	 sizes	 and	 the	 common	 discovery	 of	 cryptic	 species	 (further	
impacting	 sample	 sizes)	 (Baird,	 Miller,	 &	 Stark,	 2011).	 By	 contrast,	















The	 effect	 of	 depth	 upon	 P. turqueti	 population	 differentiation	
is	 a	 likely	 consequence	 of	 one	 or	more	 environmental	 or	 biological	
variables	 that	 correlate	with	depth,	 such	 as	oxygen,	 type	 and	 avail-
ability	of	food,	predation,	disturbance,	and/or	temperature	(see	Gage	
&	Tyler,	1991).	Data	for	most	of	these	variables	are	not	available	for	




ferentiation	 in	A. polymorpha,	 although	 the	 population	 sample	 num-
ber	 is	 limited	 for	 this	 species.	Conversely,	 the	 relationship	 between	
population	genetic	structure	and	depth	in	P. turqueti	could	represent	






population	 structure	 in	 benthic	 marine	 invertebrates.	 An	 intriguing	
possibility	is	that	this	type	of	environmentally	driven	genetic	structure	





tion	divergence	 in	P. charcoti,	 a	 species	with	a	 restricted	geographic	
distribution	 and	 narrow	 bathymetric	 range,	might	 reflect	 fewer	 op-
portunities	 for	 diversifying	 selection.	 Nonetheless,	 depth	may	 have	









In	 conclusion,	 these	 data	 highlight	 marked	 differences	 in	 ge-
netic	 structure	 among	 three	 closely	 related	 octopus	 species.	 The	
outcome	 of	 no	 detectable	 spatial	 structure	 in	 the	 species	with	 the	
most	restricted	geographic	and	bathymetric	range	highlights	a	lack	of	
knowledge	about	local	scale	population	structuring	in	Antarctic	taxa.	
Moreover,	 these	data	highlight	 complexity	of	 processes	 that	 impact	
population	structure	in	a	limited	region	in	species	that	are	apparently	
biologically	 similar.	This	 highlights	 a	 potential	 difficulty	 in	managing	
benthic	Antarctic	species	from	data	on	just	a	single	“typical	species.”	
In	addition,	local	associations	between	depth	and	genetic	variation	in	
P. turqueti	may	be	 suggestive	of	 a	previously	unrecognized	driver	of	
ecological	speciation	in	Southern	Ocean	benthos.
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